The authors undertook a review of the literature and analysis of the local surgical experience for lumbar stenosis to define the role of simultaneous arthrodesis in the treatment of patients undergoing decompression for spinal stenosis. The restrained use of spinal fusion is recommended in spinal stenosis surgery because of the coexisting medical problems in the elderly patient population and the higher associated complication rate with spinal fusion and instrumentation. A spinal fusion is recommended when decompression is performed in an area of segmental instability as manifested by gross movement on flexion-extension radiographs; when the decompression coincides with an area of degenerative instability, as with scoliosis or spondylolisthesis; or when the decompression creates an iatrogenic instability by the disruption of the posterior elements. The use of spine instrumentation as an adjunct to fusion is recommended when an area of degenerative instability shows evident gross instability or has had additional destabilizing procedures, such as a discectomy or a facetectomy. Spinal fusion is not recommended for a routine decompressive laminectomy for lumbar stenosis or in the case of stable degenerative deformities. New fusion techniques may improve the outcome and decrease the morbidity associated with contemporary methods of spinal fusion and instrumentation.
PATHOPHYSIOLOGY OF DEGENERATIVE LUMBAR SPINE DISEASE
Yong-Hing and Kirkaldy-Willis [66] outlined the pathogenesis and natural history of degenerative lumbar spine disease by meticulously examining at autopsy a large number of spines in different stages of degeneration. They defined, at each level of the spine, a "three-joint complex" consisting of the intervertebral disc and the two posterior zygoapophyseal joints. These three joints function as one unit so that a pathological change in one joint will affect the other joints at that level and ultimately the adjacent spinal levels. The resulting interaction may give rise to multilevel degenerative conditions such as lumbar spondylosis, stenosis, or spondylolisthesis. The degenerative process involving the lumbar spine was separated into three stages: 1) dysfunction, 2) instability, and 3) stabilization. The dysfunction stage is characterized by nuclear degeneration, annular tears, and facet arthropathy. The stage of instability follows with the essential pathological finding of abnormal movement in the spinal motion segment as exhibited by laxity of the facets and ligaments, reduced disc space height, and increased motion. A degenerative spondylolisthesis may develop during this stage. As the stage of instability is resolved, an attempt to restabilize the spine ensues in the stabilization phase. This third phase shows the effect of severe degeneration with the characteristic formation of osteophytes, facet hypertrophy, and disc desiccation with increased intradiscal collagen. There is reduced movement and the fixed nerve roots become entrapped with the resultant clinical symptoms of spinal stenosis. [66] It was thought by Yong-Hing and Kirkaldy-Willis [66] that if decompressive surgery for symptoms of spinal stenosis should become necessary during the stage of "instability," then a simultaneous fusion should be performed to stabilize the motion segment. However, they caution that there is a correlative risk of producing an unstable condition at the level above a successful fusion. They further conclude that in the last stage of "stabilization," decompression alone for spinal stenosis should be sufficient to alleviate the symptoms without fusion.
SPINAL STENOSIS: NATURAL HISTORY AND MANAGEMENT
The clinical definition of degenerative lumbar stenosis is the production of radicular symptoms or symptomatic neurogenic claudication as the result of structural changes produced by a combination of laminar thickening, ligamentous hypertrophy, facet hypertrophy, and annular bulging, with or without spondylolisthesis or scoliotic angulation, which leads to the crowding of adjacent nerve roots or the cauda equina. The natural nonoperative history of patients with symptomatic spinal stenosis and myelography-proven disease has shown that in 85% of these patients the pain was the same or worse over a long-term follow-up period. [32] The results of surgical decompression for spinal stenosis found in the literature have been shown to be better than those of long-term nonoperative management. Since the early reports by Verbiest, [63] there have been a series of articles describing the outcomes of various surgical procedures used to treat lumbar stenosis. [7, 11, 17, 19, 24, 25, 28, 33, 34, 42, 49, 59, 61, 63, 64, 68] The most common surgery involves a laminectomy with a partial medial facetectomy. However, the reported surgeries range from a limited decompression via laminotomy to a more radical removal of the posterior elements combined with instrumentation and fusion. Poor surgical results have often been ascribed to persistent levels of instability or increased instability caused by decompression. [7, 28, 31, 35, 42, 66] As a result, simultaneous fusions have been advocated. However, the association of improved clinical outcome with instrumentation and fusion has not been firmly established, and a high rate of complications has also been associated with the concomitant use of spinal fusion or spinal fusion with instrumentation. Attempts must be made to define those patients who are likely to benefit from the fusion and in whom the increased risk of fusion becomes justified by an expected improved outcome.
Surgical Decompression for Lumbar Stenosis
Studies have reported satisfactory long-term outcomes in lumbar decompressive surgeries for spinal stenosis without fusion. [18, 25, 26, 31, 32, 34, 42, 47, 49, 58, 59, 64] Surin, et al., [59] in a 1982 article, reviewed the results of decompressive laminectomies for spinal stenosis in 22 patients with a mean age of 64 years. No fusions were performed in this group of patients. Two patients developed spondylolisthesis, and two patients experienced worsening of existing spondylolisthesis. Three of these four patients were considered to have had satisfactory results with only symptoms of slight backache. The authors concluded that patients with an existing spondylolisthesis tended to show progressive spinal instability. However, they could not attribute any of the postoperative symptoms to this finding and therefore did not recommend fusion as an adjunct to decompression for lumbar stenosis.
In a 1993 study, Silvers, et al., [54] performed a retrospective analysis of 244 patients undergoing decompressive laminectomy for lumbar stenosis (mean age 65 years). Fifty-two patients had spondylolisthesis, and 17% of the patients underwent discectomy in addition to the lumbar decompression for stenosis. The authors reported a success rate of 93%. Only two patients underwent a subsequent spinal fusion, and that was at the time of reoperation in the early postoperative period to perform a more extensive decompression. The mean age of the group of patients with existing spondylolisthesis was 67 years. Six of 52 patients in this group underwent repeated surgeries for renewed neurological symptoms. No fusions were performed at the time of the reoperation, and five of these six patients were considered to have achieved a successful outcome. This has been interpreted by the authors as obviating the need for a fusion. However, this may also be indicative of a postlaminectomy bone regrowth from instability as described by others. [6] [7] [8] 50, 63, 66] In a local experience, Caputy and Luessenhop [7] examined a series of 100 patients (mean age 67 years) who underwent surgery for degenerative lumbar stenosis. They were reviewed over a 10-to 15-year follow-up period, with failures accumulating over many years. Total laminectomies and partial facetectomies were performed in 85% in the cases, with unilateral decompression being undertaken in the remaining 15%. There were no instances of simultaneous fusions. The surgeries in 26 patients were considered failures: 16 as the result of renewed radicular or cauda equina involvement and 10 because of persisting or worsening back pain. There was a disproportionately higher incidence of coexisting spondylolisthesis among the surgical failures (12 of 26 patients). The tendency for recurrence of spondylolisthetic stenosis following decompressive laminectomy led to the recommendation that concurrent fusion be performed with the decompression at a level of an existing spondylolisthesis.
INSTABILITY AND FUSION

A clear definition of what constitutes spinal instability or what conditions promote spinal instability is
essential to predict what portion of the patient population undergoing lumbar decompression for stenosis would benefit most from a simultaneous fusion. The concordant topics of degenerative spondylolisthesis, degenerative scoliosis, and decompressions that involve a significant multilevel decompression or the disruption of the posterior elements will be addressed in the following discussion.
Measurements of spinal instability in patients with spondylolisthesis may be determined on flexion-extension x-ray films. Objective or "gross instability" has been defined as greater than 4 mm of translation or 10š of angular change on standing lateral flexion-extension x-ray films. [21] Frymoyer [16] has attempted to categorize degenerative segmental instabilities into either primary or secondary instabilities. The primary instabilities arise de novo without prior surgical intervention and include rotational, translational, spondylolisthetic, and scoliotic progressive degenerative changes. The secondary segmental instabilities occur following surgery and include procedures involving disc excisions, decompressive laminectomies, and fusions.
Hanley's [20] review has categorized unstable subsets in lumbar spinal stenosis in an attempt to define the patients likely to benefit from fusion. Hanley proposes an "absolute stenosis group" in whom he believes the disease is stable and in whom decompressive procedures alone will relieve the symptoms of spinal stenosis. This group includes patients with lateral recess stenosis or multisegment ankylosing stenosis. The "unstable stenosis group" includes patients with degenerative spondylolisthesis and degenerative scoliosis. Spinal fusion at the time of decompressive surgery for symptoms of spinal stenosis in these patients is often recommended. In a review of indications for lumbar fusion in adults, Esses and Huler [12] recommended simultaneous fusion when decompression was performed in the presence of spondylolisthesis, scoliosis, or discectomy. Others have also reported similar conclusions. [5, 24, 43, 47, 51, 56, 68] Segmental instrumentation and fusion have been proposed for those patients undergoing decompression at a level of degenerative spondylolisthesis, as well as those who exhibit gross instability preoperatively at the level of the spondylolisthesis. A noninstrumented posterior fusion was advocated for the group of patients without evidence of "gross instability" at a decompressed level of spondylolisthetic stenosis. [20, 35, 53] 
Degenerative Spondylolisthesis
The surgical management of spinal stenosis with associated degenerative spondylolisthesis at the same level has involved decompression alone, a combination of decompression and fusion, or a delayed fusion. Sonntag and Marciano [56] reviewed 115 patients who underwent decompressive laminectomy for spinal stenosis. Spines in seven patients became unstable and required subsequent fusion. In addition to the 20 patients with existing spondylolisthesis, four required subsequent fusion. The authors concluded that there was no conclusive evidence that fusion would improve the outcome in patients undergoing decompressive laminectomy at the site of a Grade I spondylolisthesis. However, fusion should be considered in those patients with mechanical back pain and associated Grade II or higher spondylolisthesis.
Herkowitz and Kurz [24] undertook a prospective study of 50 patients with spinal stenosis and associated spondylolisthesis. Half of these patients underwent decompression only, whereas the remaining half underwent decompression with intertransverse fusion. Good-to-excellent outcomes were reported in 96% of those undergoing fusion, whereas only 44% of the nonfusion group had similar outcomes. The difference in outcome was thought to be due to the progression of the spondylolisthesis in the nonfusion group. However, it was additionally noted that there was a 36% pseudarthrosis rate in the fusion group. This incidence of pseudarthrosis had no effect on the outcome; all of those patients with pseudarthrosis reported good or excellent outcomes. It was speculated that a solid fusion on one side of the operative area or the development of a fibrous union would provide sufficient support to prevent the progression of the spondylolisthesis.
Similar results were found in another prospective study by Bridwell, et al., [5] in which 44 patients with degenerative spondylolisthesis and stenosis were divided into three groups. The first group underwent decompressive laminectomy alone; the second group, decompression and intertransverse fusion; and the third group, decompression and fusion with pedicle screw instrumentation. This finding of inferred stability of the spondylolisthetic motion segment--established by a lack of progression of the spondylolisthesis--has been associated with a better prognosis and is more frequent in the fusion or fusion with instrumentation groups. [5, 24, 31, 33, 51, 67] Other authors have found more favorable results in patients undergoing simultaneous fusion at the time of decompression in areas of spondylolisthesis. [13, 24, 28, 35, 43, 53] The progression of a spondylolisthesis with or without fusion has been noted. Studies have reported that patients undergoing fusion had a better clinical outcome irrespective of the degree of progression of the spondylolisthesis. [17, 24, 64] Others, however, have found no relationship between the postoperative progression of spondylolithesis and the clinical outcome. [13, 14, 26, 33, 40, 48, 59] Lee [40] studied instability following spinal decompression and concluded that the routine use of fusion in conjunction with decompression for stenosis was not indicated. This study reviewed a small group of 27 patients with a mean age of 49.4 years. Here the incidence of a new spondylolisthesis following decompression was 3.7%, and 100% of the patients with existing spondylolisthesis progressed. The fusion did not appear to prevent the development of new spondylolisthesis, and it did not retard the progression of that already in existence.
Lehmann, et al., [41] analyzed the long-term results in patients undergoing lumbar fusion and found that, although 85% of the patients were satisfied with their outcomes 3 years after surgery, radiographic evidence in 50% of those patients showed segmental instability or stenosis. This finding emphasized the fact that radiographic changes did not correlate with the clinical symptoms. The authors also found that patients undergoing fusion for spondylosis or degenerative spondylolisthesis had a better outcome than those undergoing fusion for other reasons, such as trauma, infection, or neoplasm.
Herron and Trippi [26] reported 24 patients (mean age 67 years) with L4-5 spondylolisthesis who underwent decompressive laminectomy and partial facetectomy without fusion. The authors concluded that the routine use of a spinal fusion in degenerative spondylolisthesis is not necessary. They added that spinal fusion may be appropriate if there is objective evidence of spinal instability on preoperative flexion-extension x-ray films or if the integrity of the pars interarticularis was violated during surgery.
In their 1988 series of decompressive laminectomies, Hopp and Tsou [28] reported a 17% reoperation rate for instability related to spondylolisthesis. They found that preoperative indicators of potential instability included the presence of a degenerative disc with traction spurs, diminished disc height, and the presence of spondylolisthesis, scoliosis, or asymmetry in the narrowed disc space. They also found that those procedures involving a total facetectomy and/or destabilization of the pars interarticularis resulted in an increased risk of instability. Fusion was recommended when these preoperative risk factors were present. [16, 28] 
Age as an Indicator for Fusion
Age was seen to be a factor in the need for spinal fusion in patients undergoing decompression for stenosis. Several authors have concluded that the outcome for spinal decompression for stenosis improved in patients younger than 60 or 65 years if a simultaneous fusion was performed at the initial decompression. The use of fusion was not shown to be of significant benefit in older patients. [3, 31, 40, 51, 64] Alexander, et al., [3] concluded that the indications for fusion should be diminished in patients older than 50 years and should be rare after 60 years. They attributed this to the increased osteoarthritic stability with age. However, they did favor fusion in older patients if spinal instability was demonstrated.
Wiltse, et al., [64] did not routinely perform spinal fusion in patients undergoing decompression for lumbar stenosis except for patients: 1) younger than 60 years of age with spondylolisthesis at the decompressed level who underwent bilateral facetectomy; 2) younger than 55 years of age if the decompression was at the level of spondylolisthesis with intact facet joints; and 3) younger than 50 years of age with isthmic spondylolisthesis.
The data from reports on decompressive surgery at areas of spondylolisthetic stenosis have shown that attempts to stabilize an area of spondylolisthetic stenosis with fusion have not prevented the radiographic progression of the spondylolisthesis. In many instances, an improved clinical outcome has been more consistently shown in patients undergoing simultaneous fusion following decompression at the level of an existing spondylolisthesis.
Degenerative Scoliosis
Degenerative scoliosis in the adult population is associated with disc asymmetry, facet joint hypertrophy, and rotational angulation. These pathological findings may reduce the spinal canal to such a significant degree as to cause symptomatic spinal stenosis that manifests in back pain, radicular pain, or neurogenic claudication. Symptoms that become refractory to conservative management often require decompression and decompression procedures alone have been proposed by some authors. [46, 52] However, these patients with degenerative scoliosis are frequently osteoporotic and a decompression alone often results in surgical failures due to progressive back pain and radicular symptoms. [21] San Martino, et al., [52] evaluated 20 patients with radicular symptoms caused by degenerative scoliosis. They underwent decompression along the concave portion of the scoliotic curve without fusion. All 20 patients experienced pain relief. No symptoms recurred and no patient required further surgery during the follow-up period of 1 to 4 years. The authors emphasized the importance of the preservation of the facets and the pars interarticularis. It has been suggested that limited decompression of a single symptomatic nerve root in patients without back pain has produced successful outcomes without a concomitant fusion. [20] Some authors have recommended more aggressive surgical approaches that include decompression with correction of deformity, instrumentation, and fusion. [21, 38, 55] 
Multilevel Laminotomies
As [4] proposed that pathological compression involved in lumbar stenosis is a progressive process with subsequent incremental compressive changes exhibiting a more profound effect on clinical symptoms. They believed that laminotomy was sufficient to relieve the symptoms of lateral recess stenosis. The benefit of this approach was a reduction in the perioperative morbidity and a lessening of the destabilizing effects inherent in a wide laminectomy. Thirty-two patients with a mean age of 66 years were presented. There were no morbidities and no mortalities, but one patient was considered a failure and was found to have had progression of existing Grade I spondylolisthesis at the operative level. They recommended that patients with spinal instability undergo a simultaneous fusion with decompression.
In a prospective study by Grob, et al., [18] 45 patients were divided into three groups to compare the results of: 1) decompressive laminectomy alone, 2) decompressive laminectomy with fusion and instrumentation of the most stenotic segment, and 3) decompression and fusion with instrumentation of all decompressed segments. Patients with preoperative spinal instability were not included. The surgical procedure involved limited decompressive laminotomies of the lateral recess at the symptomatic levels. Discectomies were performed in 20 patients. It was concluded that in the absence of preoperative evidence of instability, fusion is not indicated in patients undergoing a limited decompressive laminectomy with preservation of the posterior elements. In addition, there was a low likelihood that symptomatic segmental instability would develop. They also concluded that in any situation involving limited decompression with laminotomy, the use of spinal instrumentation and fusion increased the operative risks because of increased operative time, increased blood loss, and the complications associated with the instrumentation. [18] The complications identified with the fusion procedure were ileus, increased blood transfusion rate, increased wound infections, deep vein thrombosis, neural injury, pseudarthrosis, graft site pain, and pain localized to the adjacent nonfused motion segment. [10, 15, 36, 39, 62] 
Posterior Element Disruption
Biomechanical and clinical studies have shown that a disruption of 50% of the facets bilaterally or the unilateral removal of one facet joint may compromise the mechanical support of the spine and may produce an unstable motion segment. [1, [20] [21] [22] 26, 28, 31, 35, 40, 51, 52, 58, 64] Outcomes have been shown to be appreciably worse in younger patients, patients undergoing a simultaneous disc excision, or in patients with inherently unstable pathological conditions such as spondylolisthesis or scoliosis. [16, 20, 31, 40, 56] Hazlett and Kinnard [22] reported 33 patients undergoing decompressive laminectomies in whom at least one entire facet was removed. Four patients demonstrated segmental instability on postoperative x-ray films. The clinical outcome, however, was good in two of the four patients. Lee [40] reviewed 27 patients, with a mean age of 49.4 years, undergoing a radical decompression with posterior element disruption and iatrogenic segmental instability. It was found that only 3.7% developed a new spondylolisthesis; however, 100% of the patients with an existing spondylolithesis showed progression. Those patients older than 60 years of age, with decreased disc space height and osteophytes, are generally less likely to require fusion.
Lehto and Honkanen [42] also concluded that patients undergoing single-level decompression for spinal stenosis did not require fusion if the posterior elements were preserved. Multilevel decompressions or decompressions at a level of spondylolisthesis had improved outcomes with concomitant fusion.
FUSION WITH INSTRUMENTATION
The use of spinal instrumentation to augment fusion techniques has been found by some authors to produce a higher fusion rate. [19, 45, 53, 67, 68] Mardjetko, et al., [45] reviewed 55 papers in a metaanalysis involving 889 patients with degenerative spondylolisthesis and concluded that spinal fusion procedures improved outcomes in the surgical management of degenerative spondylolithesis and that the use of adjunctive spinal instrumentation enhanced the fusion rate. This has been found by other authors. [35, 37, 45, [53] [54] [55] 67, 68] A retrospective study by Yuan, et al., [67] examining a cohort of patients undergoing pedicle screw fixation for degenerative spondylolisthesis, found that when compared with a group of patients undergoing decompressive surgery with fusion for spondylolisthesis without pedicle screw fixation, the group of patients with simultaneous pedicle screw fixation had better maintenance of spinal alignment, a more rapid fusion mass consolidation, and significantly higher fusion rates (89.1% vs. 70.4% for the noninstrumented fusion group). It was concluded that, in addition to the fusion enhancement, the patients in the pedicle screw fusion group had a better clinical outcome with less pain, improved function, and greater neurological recovery than the noninstrumented group. They found that device-related complications were infrequent and were not significantly different from complications encountered in the noninstrumented fusion group. Other authors, however, found a higher associated complication rate with the use of spinal instrumentation. [15, 18, 36] At the 1996 meeting of the North American Spine Society, Fischgrund, et al., (unpublished data) examined the use of instrumentation to augment fusion techniques in patients with spinal stenosis who had undergone decompression at the level of spondylolisthesis. The authors found a higher fusion success rate as measured by radiographic criteria but discovered no significant improvement in the clinical outcome. They presented 76 patients in a prospective, randomized study who had undergone decompression for spinal stenosis at the level of spondylolisthesis; the patients also received a simultaneous intertransverse fusion alone or simultaneous intertransverse fusion with posterior segmental instrumentation. There was no significant difference in the clinical outcome, although there was a significantly higher rate of fusion success in the group undergoing simultaneous instrumentation. Successful fusion was achieved in 82% of the instrumented cases versus 45% of the noninstrumented cases.
BONE REGROWTH AFTER DECOMPRESSIVE LAMINECTOMY
Bone regrowth at the surgical site is part of the natural long-term postoperative course in patients who have undergone decompressive laminectomy for lumbar stenosis. Some authors have implicated excessive bone regrowth in the recurrence of neurological symptoms. [6] [7] [8] 50, 63] Studies have indicated that there is a progressive increase in bone regrowth as the follow-up period lengthens. Bone regrowth was accelerated in areas of postoperative spinal instability, and this regrowth has led to a recurrence of neurological symptoms (Fig. 1) . Other factors associated with increased bone regrowth were more than three spinal levels of decompression and spinal segments adjacent to a previous fusion site. [6, 8, 17, 41, 49, 66] The increased bone growth may be inherently part of the primary pathological manifestation of lumbar stenosis: it has been noted that the more extensive the pathological findings on the presurgical myelography, then the more extensive the initial decompression, the greater the subsequent acceleration of bone regrowth, and the earlier the recurrence of symptoms. [8, 66] In the local long-term study of decompressive surgery for spinal stenosis, four patients were evaluated who had new stenosis above a previous spinal fusion site. These patients underwent decompression of the stenotic segments above the existing fusion without the fusion being extended to the newly decompressed area. Although these patients were included in the successful fusion group, it was believed that the previous fusion had accelerated the degenerative process at the adjacent levels. [7] An example of postfusion stenosis is presented in Fig. 2 . 
COSTS AND COMPLICATIONS
The indications for decompressive surgery to treat symptomatic spinal stenosis are well established. However, the associated benefit of concomitant spinal fusion has not been as well defined. The clinical significance of the finding of radiographic instability exhibited after decompressive lumbar surgery remains unclear. Often these radiographic signs of instability are not associated with enough clinical symptoms to warrant the addition of a fusion procedure with the associated costs, complications, and the potential failures. [54, 60] Deyo, et al., [10] in a review of Medicare patients undergoing lumbar decompression for spinal stenosis, found that those patients who underwent fusion had nearly twice the complication rate of those treated with decompression alone. In addition, the fusion group had nearly six times the transfusion rate and twice the rate of nursing home placement, and a significantly higher postoperative morbidity rate.
In a review of the epidemiological concerns, Katz [36] summarized the surgical rates and associated costs of lumbar fusion surgery in the United States. He found the rates of lumbar fusion had dramatically increased in the United States since the 1970s, and the group of patients diagnosed with lumbar stenosis received the largest increase in surgical procedures. He inferred that the increased rate of surgery in the older spinal stenosis population was a result of a number of factors including the increasing age of the population in the United States; the emergence of noninvasive diagnostic imaging (computerized tomography and magnetic resonance imaging); improvements in the pre-and postoperative medical care for the elderly; and the proliferation of new fusion techniques and spinal instrumentation technology. He also found a marked variation in the rates at which surgeons in different geographical areas performed fusions, which, Katz suggested, was indicative of poorly defined criteria for the indications for fusion. The patients undergoing fusion had a significantly higher complication rate, mortality rate, and a higher likelihood of being discharged into a supportive care facility. In addition, there were longer hospital stays and higher hospital costs. The hospital cost of laminectomy with fusion was 50% higher than with the decompressive laminectomy alone, and when instrumentation was added to the fusion procedure, the cost was 100% higher than the laminectomy alone. Other authors have found similarly increased complication rates in the instrumentation and fusion group of patients without a significantly improved outcome. [10, 15, 18, 36, 61, 62] In a metaanalysis of the literature on surgery for spinal stenosis, Turner, et al., [62] found that decompressive lumbar laminectomy for stenosis was a satisfactory treatment with a low complication rate. No improvement in the outcome was found when fusion was combined with lumbar decompression. These findings emphasized the need for a more rigorously controlled study addressing the benefits of spinal fusion when balanced against the associated increased morbidity rates. The increased complications associated with fusion surgery included wound infections, deep vein thromboses/pulmonary embolus, neural injury, graft site complications, and an instrument failure rate of up to 8% of the cases.
CURRENT AND FUTURE FUSION TECHNIQUES
Many different operative approaches and techniques have been proposed to enhance the arthrodesis rate in the lumbar spine. The approaches may be anterior, posterior, or posterolateral, and they may also involve a variety of fusion techniques. The most common technique is that of posterolateral intertransverse fusion, which has the widest application and the most versatility when fusing more than one spinal level. [21, 44] Posterior midline fusions provide an acceptable alternative when confined to one spinal level. [16, 21, 44] Anterior interbody fusions [30] or posterior interbody fusions [9] have variable fusion results depending on the technique. Often instrumentation is required to enhance the fusion success and provide some degree of deformity reduction. [6, 37, 57] New surgical devices involving bone-filled "cages" or "baskets" have been recently developed and are designed to standardize and enhance interbody fusion techniques.
Current posterolateral fusion techniques require a wide dissection of the paraspinous tissue to provide exposure of the transverse processes. The intertransverse technique requires large exposure with substantial trauma to the supporting paraspinous musculature. In addition to disruption of the blood supply to the muscles and soft tissues, the blood supply to the fusion area may be diminished, resulting in a less-than-satisfactory outcome. [44] Recently, a surgical technique has been proposed that involves an extensive unilateral decompression for lumbar stenosis combined with fusion that requires less extensive soft-tissue disruption. The "ipsi-contra" procedure involves a radically unilateral decompression of an ipsilateral symptomatic nerve root with removal of the facet, ligament, pedicle, and disc if necessary. The spinous process is preserved, and the area is undercut, thereby allowing a decompression of the contralateral side. A contralateral bone fusion of the facet lamina and spinous process is achieved using the bone removed during the decompression as graft material. This procedure not only provides an adequate decompression but also avoids the complications associated with the wide intertransverse exposure and with the remote graft donor site. [11] Recent advances in fiber optics and imaging modalities have spawned the development of minimally invasive surgical techniques. The application of endoscopic techniques to the spine may allow fusion to be performed with less resulting morbidity. Stereotactically guided placement of instrumentation will improve the precision and decrease the complication rate. Currently, autologous bone is the most commonly used graft material. In some cases, allograft has been substituted with good results. [47] However, recent advances in molecular biology have led to the development of growth factors that may be used in future spine fusion procedures in conjunction with these minimally invasive techniques. [23, 65] 
CONCLUSIONS
The patient populations presenting for decompressive surgery for degenerative spinal stenosis are frequently of advanced age and have a higher incidence of coexisting medical problems that mandate the enlightened and restrained use of spinal fusion. The decision to perform a concomitant fusion at the time of decompressive surgery must be made after fully evaluating the patient's complaints, physical findings, and the pathological correlation with the neuroimaging. Given the fact that the life expectancy of the patient population undergoing surgery for lumbar stenosis may be more than 20 years, surgical failures are expected to accumulate over time, and the surgical treatment cannot be considered absolute. The initial surgical triumphs with fusion and instrumentation may ultimately become diminished by long-term complications related to the implanted devices.
Although myelography or a combination of myelography with computerized tomography scanning provides the most accurate rendering of the degenerative lumbar spine in unstable pathological conditions such as with spondylolisthesis or scoliosis, the magnetic resonance imaging is exerting greater influence and is becoming the preeminent imaging modality. Standing flexion-extension radiographs are essential in the evaluation of stability in the degenerative lumbar spine.
Based on this review and our interpretation of the current status of the literature, we would recommend spinal fusion under the following absolute anatomical conditions. Spinal fusion is indicated in the following situations: 1) A decompressive laminectomy in the presence of segmental instability, as manifested by gross movement on flexion-extension radiographs of greater than 4 mm of translation or 10š of angular displacement. 2) A decompressive laminectomy at an area of degenerative instability, as in the case of a coexisting spondylolisthesis or scoliosis where the disc height is maintained. 3) A decompressive laminectomy in a segment with preserved disc heights, where an adequate decompression requires the removal of greater than 50% of both facets or the complete removal of a unilateral facet complex.
Spinal fusion with segmental fixation is indicated in the following: 1) A decompressive laminectomy at an area of degenerative instability, as in the case of a coexisting spondylolisthesis or scoliosis when a discectomy is performed at the same level. 2) A decompressive laminectomy at an area of degenerative instability, as in the case of a coexisting spondylolisthesis or scoliosis, where there is gross movement on flexion-extension radiographs. 3) A decompressive laminectomy at an area of degenerative instability, as in the case of a coexisting spondylolisthesis or scoliosis, where an adequate decompression requires the removal of greater than 50% of both facets or the complete removal of a unilateral facet complex.
Concomitant spinal fusion is not indicated in the following: 1) A routine decompressive laminectomy when a discectomy is necessary to provide an adequate decompression or when multiple spinal segments are involved in the decompression. 2) A decompressive laminectomy at an area of degenerative instability, as in the case of a coexisting spondylolisthesis or scoliosis, where there is disc space narrowing and osteophyte formation at the same level, in elderly patients in whom mechanical back pain is not the major symptom. 3) Decompressive laminectomy at an area of degenerative instability, as in the case of a coexisting spondylolisthesis or scoliosis, where the decompression was limited to an isolated unilateral segment for radicular symptoms. The patient's symptomatic complaints and physical findings have been progressively overshadowed by each successive generation of sophisticated imaging technology and are no longer the dominant factor in the surgical decision-making process. From the patient's perspective, the end point is the resolution of pain. A successful surgical outcome must incorporate the patient's expectations. The patient typically complains of either back pain, which is perceived as a "bone" origin, or leg pain, which is perceived as originating from a "nerve." The surgeon is charged with determining whether the patient's complaints are referable to a primary back (bone) disease with the inherent mechanical and stability implications or whether it is a primary neurological (nerve) deficit related to a structural compromise of a nerve root or the cauda equina; or as is more frequently the case, the surgeon must determine the relative contribution the various anomalies make to the patient's complaints. The indications for the various surgical procedures are multifactorial and must involve consideration of the patient's age, coexisting medical problems, and level of activity. Surgical judgment is of paramount importance in determining the appropriate surgical procedure for each individual patient with lumbar stenosis.
